The efficiency is of paramount importance nowadays due to increasing electrical energy demand, increasing awareness of environmental problems as greenhouse effects and increasing fossil fuel prices. This paper tries to show the different results between the standards for efficiency evaluation and the necessity of harmonization worldwide. Then, it is going to be explained the different standards for measurement of efficiency, and the main differences between the standards (IEEE 112, IEC 60034-2 and JEC-37).
Introduction
The efficiency is of paramount importance nowadays because electrical motors are major consumers of electricity in the modern industrial society; they consume approximately 69% of electricity in the industrial and approximately 36% in the tertiary sectors of the European Union [1] . Three-phase, low voltage squirrel cage induction motors are the most commonly used electric motors in industry.
Efficiency data by manufacturers are measured or calculated according to certain standards. The main differences between these standards are discussed in this paper.
There are a lot of examples of agreements, incentives and initiatives worldwide in order to promote increasing the efficiency. In Europe, there is an initiative called SEEEM (Standards for Energy Efficiency of Electric Motors Systems). SEEEM aims to stimulate and accelerate the process of harmonization in order to save energy and reduce greenhouse gas emissions.
Losses and Efficiency

A. Definition of energy efficiency
Efficiency is the ratio of mechanical energy output divided by the electrical energy input. 
B. Motor Losses
Energy losses are the determining factor in motor efficiency. These losses can be divided in five classes: The main difference between the standards emerges from the way in which the additional load losses, is treated. The IEC 34.2 standard assumes a standard value for the additional load losses at rated load of 0.5% of the input power. The new proposed IEC 61972 standard gives two possibilities for the assessment of the additional losses. The first one is a determination by means of the measured output power, as in the IEEE 112-B; the second one gives a fixed amount to every machine of the same rated power. The Japanese JEC standard 37 completely neglects the additional load losses.
Motor Efficiency Testing Standards
There are several different motor testing standards which prescribe specific procedures, such as what test equipment may be used, how long the motor is to run prior to testing, how loads are to be applied, what data are to be collected, and how various losses are to be measured. The IEEE 112-B standard estimates the efficiency by the direct method:
The electric input power is measured using a highaccuracy wattmeter and the output power is measured using a speed sensor and a torque sensor. This is an accurate method, if the instrumentation has the desired accuracy and the test procedure is followed rigorously.
B. IEC Standard 60034-2
The IEC's test can be classified in three types: It is distinguished two ways of efficiency measurement: in the direct method, the input and output power are measured directly, as the expression (2); and the indirect method measures the losses, output power is equal losses plus input power (3) .
In the next paragraph, it is going to be explained the different methods that are included in this standard:
The machine is separated of the electrical grid and it is disconnected of its driver motor. It is achieved the full load speed thanks to the tared motor. The mechanical power that is transmitted by from the tared motor to shaft, are the power losses of the machine. -
Method with Power Factor zero.
The machine operates unloaded, full load speed and power factor near zero. The excitation current is regulated in order to achieve the nominal current in the primary. -
Method of deceleration.
Consist in the measurement of the time applying in its deceleration. This method lets the measurement the mechanical losses, core losses and short-circuit losses. -Method back-to-back. This method can be applied when two equal machines are available. One of them operates as a motor and the other one, as a generator.
This method is being studied.
C. Comparative cases between Standards
The comparative cases try to prove the disagreement between different standard methods.
The following graphics are supported in a study of The following The eh-star method consist an asymmetric feeding of a three-phase induction motor. The unbalanced condition is obtained by operating the motor in star connection and then switching from normal three phase to single phase operation where the disconnected phase is connected back to the supply through a resistor. Eh-star is an economical method with good accuracy where stray load losses are calculated mathematically.
Estimation Efficiency on the Jobsite
Three steps are used to estimate efficiency and load. First, use input power, line current or slip measurements to identify the load imposed on the motor. Second, obtain a motor part-load efficiency value. Finally, obtain a modified load using the power measurement at the motor terminals and the part-load efficiency value.
A. Input Power Measurements
You can then quantify the motor's part-load by comparing the measured input power under load to the power required when the motor operates at rated capacity. The relationship is shown in equation (4) % 100 × = ir i P P Load (4) With Load the output power as a % of rated power, P i , the measured three phase power in kW; and P ir, the input power al full rated load in kW.
B. Line Current Measurements
The current load estimation method is recommended when only amperage measurements are available. In the low load region, current measurements are no longer a useful indicator of load. Thus, root mean square current measurements should always be corrected for voltage.
C. The Slip Method
The slip method is recommended when only motor operating speed measurements are available.
The motor load can be estimated with slip measurements as shown in equation (5) With Load, as output power as a % of rated power, I is the RMS current (mean of 3 phases); I r the nameplate rated current; V, the RMS voltage, mean line to line of 3 phases; and V r , the nameplate rated voltage.
As an example [8], suppose a 460V motor's "true" full-load rpm is 1760. The slip is 40rpm. NEMA allows ±20% difference between actual slip and nameplate slip when the ambient temperature is 25ºC. Thus, depending upon manufacturing and test variations, the nameplate could properly be stamped 1760±20% of 40rpm:
Maximum slip = 48;rpm = 1752 Minimum slip = 32; rpm = 1768
The accuracy of the slip method is, however, limited by multiple factors, and is generally not recommended for determining motor loads in the field.
Identification of Efficiency on the Market
A classification scheme was introduced that categorized motors into three efficiency classes depending on motor type, number of poles, and most importantly, size (see figure 5.1 ). There are three labels in order to classify the efficiency: Eff1, Eff2 and Eff3. The motors included in this scheme are defined as totally enclosed fan ventilated (IP 54 or IP 55), three phase A.C. squirrel cage induction motors, 50 Hz, S1 duty class. 
Conclusions
The analysis presented shows that it can be obtained different results depending on the standard used. These differences have been proved thanks to graphical examples. It is necessary to eliminate the disagreements between the methods of the different standards because they make for serious consequences in order to certificate and to declare efficiency values.
This fact can be got through International Harmonization Initiative promoting by SEEEM. This process of harmonization deals the energy saving and the reduction greenhouse emissions.
To sum up, this study has tried to shed light of knowledge of different standards for efficiency measurement and to emphasize the necessity of harmonization worldwide.
